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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery which 
enables coexistence of high electric discharge capacity and outstanding 
cycle characteristic, and its manufacturing method by development of a 
high capacity positive-electrode material which is not accompanied by a 
generation of gas. 

SOLUTION: In a non-aqueous electrolyte battery which consists of a 
positive- electrode active material which have a compound metal oxide 
having Li and Ni as main ingredients, a negative electrode which can 
delete/insert U. and a non-aqueous electrolyte, the pH of the above 
compound metal oxide is 1 0 to 11 .5. 
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70 9 5f^S%J[^TOB L. ECSLO^^S^^k'&^J^r^t?^ 

(i> DEC. MEC. PC. TFPCSlT^VC 

DEC. MEC. PC. TFPCS.t;^VC 

DEC. MEC. PC. TP PCRO^VCT&^ejU^tt-S 
^>/^< i: t imS;i^^?:c5m3^JS<7)j^A0l:»l. WcPS 

1 0 <t . mi^^mTx^A^mmm'^m 

6 V >ll#^7Km^?S(7:)^S?5^ ii5 < o T 7h 
3®^K^O^^:S[tfc*ft^ 1 0 ft:a%eAT<t i" 6 C t 

[0 0 7 8] mmn<^ttitd.^7}<immzM-r^mmMi'X. 

0. 5 — 2. 0^/u/ I <h-r5C <h;6^a^ Ll\ 
[0 0 7 9] ^7KliJW?Kic*i. -fev<U'-^' t<o^i^'!•ii' 
mf^^^i^o, i--i%<Di^mxmmi.xh^^\ 
[00 8 0] ^^7KmM^(Dmi'X. m^^itc^M. i o o m 

40 Ah^fctJO, 2-0. 6 g(;i-f-6w<t;&W^Ui\ w 

0. 2 g/ 1 0 0mAh^3§(w-r^<i:. jEte^:ftffi(0^ 

^ veiSS (Cf^o r ^ T ^ < 6 

-So ^7Km^?^S^'^ 0 . 6g/"100mAh^S 

^Ll^©H(l. 0. 4 — 0. 5 5 g/ 1 0 OmAh-C^ 

[0 0 8 1 ] 5) m^i±%:^-r^m^^ 
50 ffiriES3fftt^^-t-5?S$J':^{±. *7km««^««f Lfci^ 
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75 

(PAN) . >-Ky y i^- h (pmma) . y 
iy-fbt'^y (pvdF) . 3Kyje{bt':=^/i- (pv 

C) . ^fcli.i^y :J^f^U'>':?i-^1f'Y K (PEO) 
tf 5r i:;65T#^o 4^1^. TKy :7:y{t:fc:*-y 

[0 0 8 2] ^S^iiSr^^^i^^i-^li. jE<^. ir 

[0 0 8 3] mmz^^ti^^m\^^^'ri>^^^(Dm 
*>s„ i^^i^^^Ti-^iS^j-^^oj^s^m^a^si 0 om 

*^S:<7DJ: Li>|5H*l. Hffii^S: 1 0 0 m A h ^fc 
•9 0. 2— 1 m g X^^o 
" 10 0 8 4] 6 ) 

;e>5-cr#^)>b<^0. (flexibility) ^W-T-S/cJ^) 

10 0 8 5] ^1 (T^^n-S^Wtc-^^^x^lltflijKl, 

10 0 8 6] M/lll. MX.(^. T/U^ nr^A. ;^7^>'U' 

-r^^^m^i^oo ^(op^ummm\t. \mm(omfim. 
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t L<li2ami^±0^»fli^7i^(bJl^^^ix5o ^^c. 

[0 0 8 7] ^&U<Dm^7^^^0. 5mmi:^^^t. M 

no. 3mmj[^T{cr6r<h;6W^U<. IE{:i$?^L< 
JiO. 2 5mmJ[^T'C. *t>$f^ L< (10. 1 5 mmi^ 
TT-fe^o i?^?*'^0. 0 5mmJ: "^SJi^i:. ^^Jg 

JO mm\Z'r^Zt^m^l^^\ Ll^TPSiSllO. 
0 8minT% S t>»* Ll^Jafflll 0 . lmmT-fo5, 

[0 0 8 8] ^^*t(7)ii:^(±. Ji^T(;iKI^-f-6:^S-esy 
/UT^/ujxT^ K^?^-ett#^6c^(cJ:t) PVd F^l^ 

10 0 8 9] ^(DX^fj:^mf$.f)^hJ^^^tl^:^^m(D 

::i^m.^it. mni^m (ah) <b i kHz<Dm^^^%^ 

(mfi) cdSt:^'^! OmQ • Ahi^±. 1 1 
OmQ • A h^^TXh^ Z t/)*^Mt. Ul\ $S«t^>'t' 

t6o wwT\ m^^&tn. ^|ir^^S^6lM10. 2 

i{? II. 2 OmQ • Ahl^Jt. 6 OmQ • A hl^TT-i^6o 
[0 0 9 0] m^^&t-<>'t'—y>'y^<D^^ 1 OmQ 
• AhJ[^±. 1 1 OmQ • AhUJ^T{^-r5<^(l. MA. 

1 0 0 9 1 ] ^1 xs : mfie^cT^f^i:^ 

[0 0 9 2] miiig^fi. lEmt^m^'t(Dm^::f^^\^^ 

xv^m-r^t. '*ai-r6^2xs(c:fcl^T. iei^. 

cOit.^ife»:{cMi2^?{^;ii5gig-r6<O^K±i-5 r t ^^X 
30 ^\^%:^-r^m^^^M.tE$^ti>Ztt>'^X^^o lEm 
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<i> wa^LAc (2) ^^(Dmxmm\^f^(D tmmfs:i,(n 

[0 0 9 3] ^2Xm : :^^«--(7)}fA 

tc#g^^6o B^i5^is^uT«i. ftratufc (e) 

t*-x^^^ ^m^m(DmM.m2o ox:^mx^t. ^ikm 
-r ^n'^^^(o\E.m^ i o ot:i^Tt:iufc^.. ^mmm 

5 or^ffid-r^ih. mt^mm^mmmzmxi.x\^^i> 
m{cmt^^mmm^>mmuxv^om^M*-;h^o mj^.<o 

fz. »,^.(DTmim-±i 0 ox:{z'r ^ z t f)'- ^ h{::t^^ I. 

0 5~2. sm&%<Dmm\:^T^zti^>tii--^i.\^\ cm 

5fi:l:%*«{c-r^>i:. iEAfii:S.U^ir^^u-^^^-^/J; 

0. 1-1. 5sa%T'fe6o mtm^(o^x&\'X. mr 

IE®fi$coS^3ttt^^i-6S5^^<^«S;^^0. 0 5-2. 
5Sfi:%T-fo6*&'g^. m?l!l^l:l 0 OmAh^/c^ o; 

0tj:m^\:^X^h(r)X^^, ^ISaAfi^O. 1 m 1 
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l^SHIi. mSii^Sl 0 OmAh^fct) 0. IS-lm 
1 T-fc5o 

[00941 «3Xa: KJ* 

[0 0 9 5] tl^. mfill*(i. JSSO^j^^^tj'Ci:^ 

[0 0 9 6] s^^^^fi. \ 0 ox:\^j.TxrTi ^ttm 

r^x*l»:(7:)ct p^tc^^jcj:^ t><7PT'^^o 
^^(OWLmi)^! 0 Ot:^S;t5<i:. StrlS-t^<:ix-^;^>:;^ 

^ /uM.^^y^u—^ t i.xm^^h^\zmmz.±c'^-r 
hi>o ^(ofzi^. X^g:JSrMjg(i. 4 0-1 0 ortci- 

[ 0 0 9 7 ] B 4 XM : f^ih 

[0 0 9 8] ^:^mM^t Uril. tfriiI>Lfc (4)>7K 
^0 X^i>o 

[0 0 9 9] m^^\^tz.m:i^m^\z^^^x\'X. mm^^^m 

50 ?S4raAL. #tP^^tf 9^<i:(:iJ:'9»Mc7?^*m«??l^ 
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[ 0 1 0 0 ) ^ 5 : wm^m 
_Liso*D< \zm^^Lxrz~Ammz3 ot:~8 ox:(om. 

[OlOlJcrr-. 1 C5^mL-- h irll^^^^S (A 

[0 10 2] *05£«<7:)taS^fl«rfS|Qia(c^5ei-5(7:)*ii5^ 

ox:^mx.^t. iEm&rj^mi,z^^tLi>f^mm^'^'^it 

[0 1 0 3 ] ^7]^||(7D^mi/~ h^O. 05-0. 5C 
[0 10 4] Z<DXz>^J:T.m^M.m'r^Zt{ZX<:>X. 

mm'^±^<i^-i^(D^m\z^7^^mmi&^i^-{z^m^'± 

t I kHzC7?f^^^>'t:--:?^>'XC0S^l OmQ - Ah 
Je;±l 1 OmQ • AhJgJlTC>t5iaiCi-5Ci:^5T-#'6o 

[0105] 

immm] i^T. :^^m<ofti'^L\^^mmm%:t^m{zm^ 
[0106] mmm i 

±f>*-^f^u'i^(D±2o%<Di&m^{zh*). \tmmm'-3 

^y^y^Ti^mit^fj^^ (N i 0. 75C OO. 19 A I 0. 06 (O 

H) 2) ^mm\^. y^mtv^^^M.: =^y^fi^7Kmtm 
^1. 0 1 : \ <D\tmx. ^Wimn\tmzjif^m\z^K 

L. ^-ji^WL\^fzU^1^^^%fz. 

[0 10 7] m,^^^^^'i^\.fz'ik. m^^nn^^j^'^ 

F^tdiS^L. ^P^\zm.m:^:^^WLX^'^t^t'^hS 0 ox: 
T*2B#raiSj^j5£U/i:m. ^h\Z7 box:x2AnN\^m 
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^K^tr^V ^i^eSl 0 A^mOL ixN io.75Coo.i9 
A lo.oeOzirmRUfCo #^ixfcjEffiS«)ffl»*CD p 

Hti[. ¥*&^^?L1^i5J:t/^?L^SrSl{:i:^-rc 
[0 10 8] <iE(£<7)f^M>^%e>ttfcjEffiS^®t&*9 
Ifiayo^rTir^uv-y^^^/iJ^ 3. 5SS%. i5^7 7r 
^h3. 5fia%^lU^:3i^U'V7'D t:-u^^C>^>^/-r 
«&5S2S1:%^ h/i^::i^>'$r^P;tT*l::iS'&U. 1 0 c m 
2 ^^cO 1 OWiCOPi'^xm.^O. 5 inmOTL^5#?i-r6 
^TL^T/w^-5^A?S (J?$;65l 5Mm) i)>htj:^%m 

JO »<Dmm\z^^i.tz^ik. y'i^:^Ti>z.t\zx^mm^& 
9g/cm3-c% iEmmii'-^m{^<owimzwi^^ 
thtzm^ik<oiEmi:vm i^tzo 
[0 10 9] <nm(o{^m>'^mi^^nt{^x3ooo 
x:xm^m\^rz;^ yr^^-x^'y^T^.^mmM (mm^ 

^-S^ui. ^^^mM^f>'^ 2 0 m. w^i^mfnm ( a o O 
2) ^5 0. 33e0nm<D^m«m <D<»5^Sr 9 SfiS 

i^lr?Pj<h LTz-Ky :7:y>(t:t':=iy7^>^ (PVdF) 
7mm%ti:&^\^s Cti.«:l 0 cm2 ^^cl? 1 0i@(7D 
SJ^r-S^O, 5mmO?L*5fiF?Si-6#7L^filS 0?$: 

T^z.tizx^mm^^m^'-i. 4sXcm^x\ ^mm 
^mmmztB^ * titzm'^<o^m^i¥m u fc, 

[0 1 10] <'ty<l^—^>m^f)^^l 6 Mm. 120 

t:. 1 f^mx<D^Mmf)*^ 2 o%x\ ^K^r^ 5 o%<Dn^ 
[0 111] <^7]^mm^(^mm>m'7yit7t.^m])'^ 

»>A (LiBFO ^Ji^UV;j{7-.^'^- h (EC) t 

y^y^n^^ (BL) <oii^®j« (m^»mitm 

30 2 5:7 5) (CI. 5 ^/U/ 1 S« UTl^7km«?R^^ 
[0 112] <mmt¥oftK>8tliii!U/cJ:^{cUT^^b 

mi.zL.x'km(oMmmzmik(r)^mv - k^^sl^ 
m^mzm^i.tz^^. n^w-mzf^mi.. mmm^im\^ 

/Co 

[0 113] <m^(om^^Lx>TJi-'^^i7M.m(ow\m 

40 -y^^^J^^mmzf&m}^. zti^s^mutl^tzo :i<o^ 

mwzntiftmmm^^mm^'^m<Dr^Qm-h^^^ ^ 

icitxii^L/co ^^mi±^^-r^M^^xhi>^]) y yit\^^ 

=^^j¥z^ (PVdF) ^^mmmxhi>'j;^^/i^y^/i^ 

K (m.^.^^^i 5 3t:) {CO. 3mm%mm^'^ 

tzo 'i%hti.rzmi&^mi^^y hy ^/i^M.^<Dmm^ 
tclgilii^ai 0 OmA h ^/::"9<?:)S:;&50. 2ml,i:/^6 
J:p{c^iAL. tfliS^?{g^tflfEmfii^cOf^$l^{cgg$-^i: 
5t^{C. WfBmfiig¥^0^®:^^{C{i-3ir$^fco 
[0 114] e^V^T% fi«IfS7 h7>('/UArt(;:il;8i 

JO »ic8 0t:-eKSK<s^i 2Bfraj6-t-ci:icj:t)Wfa^ 
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[0115] Mte^ i.:^-vy < /u^rt<omfiii¥{-HtrS5 

l^*««?««:lg?t&?FS:l AhSfc»?<oa:^M, 1 %kft 
5J:9(waAU. BfraiUfcSl. 2(::^i-«it^^U. 
jp:^c;65 3mm, i|ig;6M 0 mm. iS ^ 7 0 mmOSfSlI^ 

[0 1161 z.(n^i^m^^^tFMm^n\^. 53^mx 

T(^5 hirfeeU/t^. -^T-TDSitTT'O. 2C (16 0m 
A) -e4 . 2 V*T-3&«ffi • 3emj!£5t«^ 1 O ^PelfTo 
fdo ^O^O. 2Cr-2, 7V^X^;^mU> $^(C21^ 

[0 117] <#ttSM>^#f.ixfc^7K^8lz:?^m?l!l^o 
^S:S.U?5i5jftli:i^-l'^/^1#tt^l)l-<5fc*^){C0. 5CU 

— h-C<754. 2 V^miffi • ^mfiE<7)3B#ra5femi: ICU- 

— ho 2. 7 V»moi?--r iJ^/l-«:a^!9 3SU3 0 Oi^-TiJ' 
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3sm%9 o t: X 1^0 B# CO i^mg ^M^^^^ ^ ^'J.^ ^ 



* to 3 %?|^fflOS'&fl@, 3 1 0 

O. 1 0%J6Jl±2 0%*SI<7)»'&f*A. 2 0%£l±O« 

^SlHl«^X-*i. lHl«*;&5 9 5%ieJL±<o|&'g^li@. 9 0 
%»± 9 5 %*«<D»^|10. 7 5 %J«± 9 0 %*SI<D 
S'&liA. 7 5%5t5SSo^^JixT-^ieLfCo 
(01181 2 '-^IffiC?^ 5 

^/i^^mt^ ^ o it* Sr ^ ;t r <h # HJSM 1 ^ 
70 siciuTpHi 0-1 1. 5(ommm^n^i^^L. n 

[0 119] tt:tS5Wl'-'tfc;KM4 
ttlcLXjEl^SJ^W^f^MU pHlO-11. 5 

20 uTHteM 1 1 rnrni:: Lx^7K^«Kx»:m?&^f^iK 
[^1] 





PH 


(Ah) 


(%) 


9o^i?ja(* 
mn 


go-citatt 




11.2 


1.00 


92 




© 




10.0 


0,95 


65 


o 


O 




10.5 


0.97 


85 




© 




11,0 


1.00 


90 


© 


© 




11.5 


1.00 


90 


o 


o 




11.2 


1.00 


92 


© 


© 


itnm\ 


9.0 


0.85 


80 


X 


X 




9.5 


0.85 


82 


A 


A 


ltl6W3 


11.7 


1.06 


82 


A 


A 


It«^^i4 


12.0 


1.10 


80 


X 


X 



*fB?L^l;6^3 nm-3 0 nmOjElSfgi^^^ftMLfCo ^ 

htifz^jEm^^n^i^m i.xm^m 1 ^ mm\^ lx$¥ 

-To 

[0120] ttK0^^l5.' 6 



40 mKm- 3 n m- 3 0 n m(Df&mn(OjEmf^^n^i'^M 

Lfdo nhritc^JEmm^n^^mL^xmmii tmm 
im2] 
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•«F«9 
( n m) 




(%) 








pH 


(Ah) 








n .ic 


iO 

18 


1 . vO 






© 




11,2 


3 


1,05 


89 








11.2 


10 


1.02 


90 


© 


® 




11.2 


20 


1.00 


92 


® 


® 




11.2 


30 


0.98 


93 




® 




11.2- 


1 


1.00 


80 


o 


o 




11.2 


50 


0.90 


93 


o 


o 



1 o-^mmmx 3 

[0121] it^m 7,8 
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^S^5o. OlccXg'-'O. 1 c c/g COfaS^I-fe 

{:immmi tmm{zi.x'mmwm^rrotz. ^(om^^h 





pH 




6* 

(Ah) 


(%) 








11.2 


0.0070 


1.00 


92 






mmm^o 


11.2 


0.0010 


1.05 


69 


® 




^t^m 1 1 


11,2 


0.0030 


1.02 


90 








11.2 


O.OO&O 


1,00 


91 








11.2 


0.0100 


0.98 


92 


® 


® 




11.2 


0.0005 


1.00 


79 


O 


o 


ktnma 


11.2 


0.0300 


0.90 


92 


o 


o 



10. 5-11. scDf^m^i^^mm-r^t. m^Mi^^^ 

tc. IE«efS&ifelK<0«ffl?L^t&^^3'-3 0 nm. SiS^^ 
[0 12 2] 

2 ] mi ^ AS^^^-ra::'^:l^®llo 



i-^3SW 

2 -mfiif^ 

5-iE«Sm* 

1 2--iE<^ 
1 
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F^-ix(##) 5H029 Aj04 A JOB AK03 AL06 AL07 
AM03 AM04 HJOO HJ02 HJ07 
HJ10 

5H050 AA07 AA08 AAIO BA17 CA07 
CB07 CB08 HAOO HA02 HA10 
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